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. , $\mathrm{Y}.\mathrm{K}_{\overline{\mathrm{O}}\mathrm{m}}\mathrm{u}\mathrm{r}\mathrm{a}[1]$ ,
Banach $(C_{0})$ –
( 26).
1 , . 2
, $(C_{0})$ $\{T(t)\}t\geq \mathit{0}^{\text{ _{}\grave{\mathrm{J}}}}$ -p– $\mathrm{b}$ $\{T(t)\}_{t<}0$
, $(C_{0})$ $\{T(t)\}_{t}\geq 0$ $\{T(t)^{*}\}t\geq^{0}$ $(C_{0})$ $\{T(t)\}t\geq 0$
– .
1.
, $E$ $\mathrm{B}\mathrm{a}\mathrm{n}\mathrm{a}\mathrm{c}\prime \mathrm{h}$ , E’ E
.
11. $\cdot$
E E $\{T(t)\}t\geq 0$ , $\{T(t)\}_{t\geq 0}$
E $(C_{0})$ :
(i) $T(0)=I$ ( $I\text{ }$ E ).
(ii) $T(t+s)=T(t)\tau(s)$ $(t, s\geq 0)$ .
(iii) $x\in E,$ $t\geq 0$ , $\lim_{sarrow t}\tau(S)X=\tau(t)X$ .
12.
$(a, b)$ $\mathbb{R}$ , $\{f_{\alpha}\}_{\alpha\in A}$ $(a, b)$
. {f\alpha }a\in A 2 $f\beta$ $(a, b)$ $(c, d)$
$(a, b)$ , $\{f_{\alpha}\}_{\alpha\in A}$ -
.
1.3.
$\{b_{q}\}_{q\in \mathrm{N}}$ . , $\mathbb{R}$ C\infty $f$
$\sup_{t\in K}|D^{q}f(t)|\leq B^{q}b_{q}$




$C\{b_{q}\}$ – , $C\{b_{q}\}$ .
([1]).
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A.
$\{a_{k}\}\text{ }\sum_{k=1}^{\infty}\frac{1}{a_{k}}$. $=\infty$ . $b_{q}=a_{1}a_{2}\cdots a_{q}$ $C\{b_{q}\}$
Y. $\mathrm{K}_{\overline{\mathrm{O}}\mathrm{m}\mathfrak{U}\Gamma}\mathrm{a}[1]$ .
B.
$H\in C(\mathbb{R})$ , $b_{q}=a_{1}a_{2q} \ldots a(\sum_{k=1}^{\infty}\frac{1}{a_{k}}=\infty,$ $0<a_{1}\leq a_{2}\leq$
$\ldots)$ $\{b_{q}\}$ $\{f_{k}|k=1,2, \cdots\}\subset c\{b_{q}\}$ , 3
:
(i) $f_{k}(t)\geq 0$ , $\int_{-\infty}^{\infty}fk(t)dt=1$ .
(ii) $|h(t)|\leq H(t)(t\in \mathbb{R})$ $h\in C(\mathrm{R})$ ,
$h*f_{k}\in C\{b_{q}\}$ ,
, - ,
$(h*fk)(t)arrow h(t)$ $(karrow\infty)$ . $\square$
2. $(C_{0})$ $\{T(t)\}_{t\geq}0$ –
21.
{T(t)}t20 E $(C_{0})$ . E 2 $x,$ $y$ ,
$T(t_{0})_{X=\tau(}t_{0})y$ $t_{0}>0$ $x=y$
, $\{T(T)\}_{\mathrm{f}}\geq 0$ – .
E $(C_{\mathit{0}})$ $\{T(t)\}_{t\geq \mathit{0}}$ – , $x\in E,$ $t>0$ , $T(t)y-=x$
y\in E , $y$ – . , $y=T(-t)X$
, $T(-t)(t>0)$ :
22.
E $(C_{0})$ $\{T(t)\}_{t\geq \mathit{0}}$ – , $t>0$
$D(T(-t))=\{x\in E|^{\exists}y\in E$ ; $T(t)y=x\}$
, $x\in D(T(-T))$ ,
$T(-t)X=y$ ( , $\tau(t)y=X$ )
.
23. ([2])
$\{T(t)\}_{t\geq 0}$ E (Co) – . $t<0$ $D(T(t))$
E , $\bigcap_{t<\mathit{0}}D(T(t))$ E .
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.




. \epsilon $>0$ , $\{\epsilon_{n}\}$
$\epsilon_{n}<\frac{1}{Me^{\omega t_{1}}},\sum_{n=1}^{\infty}\epsilon_{n}<\epsilon$
. , $M,$ $\omega$ . $x\in E$ . $D(T(-t1))$
E ,
$\epsilon_{1}>0$ , $\exists_{X_{1}}\in E$ ; $||T(T_{1})x_{1}-X||<\epsilon_{1}$ ,
$\epsilon_{2}>0$ , $\exists_{X_{2}}\in E$ ; $||T(t_{1})X_{2}-X_{1}||< \frac{\epsilon_{2}}{Me^{\omega t_{1}}}$ ,
$\epsilon_{n}>0$ , $\exists_{x_{n}}\in E;||T(t1)x_{nn-1}-X||<\frac{\epsilon_{n}}{Me^{()\omega t}1n-1}$ .
,
$||T(nt1)X_{n}-^{\tau(()T_{1})||}n-1Xn-1\leq||T((n-1)\tau_{1})||||T(T1)_{X_{nn_{-1}}}-X||<\epsilon_{n}$ .
, $\{T(nt1)x_{n}\}$ Cauchy , $y \equiv\lim_{n}T(nt1)_{X_{n}}$ . $t_{0}>0$
$0<t_{0}<(n-1)t_{1}$ $n$ .
$||T(nt_{1}-t\mathrm{o})Xn-^{\tau(()}n-1t1-t_{0})_{X_{n-1}}||\leq||T((n-1)T_{1}-b\mathrm{o})||||T(T1)x_{nn-1}-x||<\epsilon_{n}$ .
{ $\tau$ ($nt_{1}$ –t )x cauchy , $z \equiv\lim_{narrow\infty}$T(ntl-t0) .
,
$T(t_{0})z= \lim_{narrow\infty}T(t\mathrm{o})T(n\tau_{1^{-}}\tau_{0)_{X}}n=\lim_{narrow\infty}T(nt_{1})xn--y$ .








$D(T(t))$ E . $\blacksquare$




{T(t)}t>0 E $(C_{\mathit{0}})$ , $\{T(t)^{*}\}_{t\geq}0$ $\{T(t)\}_{t\geq \mathit{0}}$ . $\{T(t)\}_{t>}0$
– , $t\geq 0$ $R(T(t)^{*})=\{T(t)^{*J}x|x’\in E’\}-$
E’ \mbox{\boldmath $\sigma$}(E’, E) .
.
$t\geq 0$ . $R(T(T)*)$ E’ \mbox{\boldmath $\sigma$}(E’, E) ,
$\exists_{X}\in E$ ; $x\neq 0,$ $\langle x, T(t)^{*J}x\rangle=0$ $(x’\in E’)$ .
$\langle T(t)X, x\rangle’=\langle x, \tau(t)^{*}x\rangle’=0$ $(x’\in E’)$
, $T(T)_{X}=0$ . $\{T(T)\}t\geq \mathit{0}$ – , $.x=0$ . $x\neq 0$
. , $R(T(t)^{*})$ E’ \mbox{\boldmath $\sigma$}(E’, E)- . $\blacksquare$
25.
$\{T(T)\}_{t\geq}\mathit{0}$ E $(C_{0})$ . $t>0$ $R(T(t))$ E ,
$\{T(t)*\}_{t}\geq 0$ – .
.
E’ 2 $x’$ , y’ $\tau(t_{0})^{*}x=\tau(\prime t\mathrm{o})*y^{J}$ $t_{0}>0$ .
, x\in E
$\langle x, \tau(t_{0})*X’\rangle=\langle_{X,T}(\tau_{0)^{*}y’}\rangle$ .
,
$\langle T(t0)_{X},X’-y’\rangle=0$ .
$R(T(t\mathrm{o}))$ E $x’=y^{J}$ . $\blacksquare$
2E $(C_{\mathit{0}})$ $\{T(t)\}_{t\geq 0}$ , $t>0$ $D(T(-t))=R(T(t))$
E , 1 2.5 , $\{T(t)\}_{t<\mathit{0}}$
{T(t)*}t<o . E Banach {T(t)}t\geq o E $(C_{0})$
, $\{T(t)\}_{t}\geq 0$ – , 2.4 , $t\geq 0$
$D(\tau(-t)^{*})(=R(T(t)^{*}))$
.
E’ . ( E Banach
,E’ E’ $\sigma(E’, E)$
) 2.3 , $t<0\cap D(\tau(t)^{*})$ E’ .
.
26.
$E$ Banach . $\{T(t)\}_{t}\geq 0$ E $(C_{0})$ , $t_{1}>0$
$R(T(\tau_{1}))$ E .
$arrow$ {T(t)}t>--0 -- ,
$F$ \infty $<t<\infty$ $C\{b_{q}\}$ 2
:
(I) E\subset F F E , E F .
(II) $\{T(t)\}_{t}\geq 0\text{ }$ E F \mbox{\boldmath $\sigma$}(E, $E’$) $\sigma(F, F’)$
$\{T(t)\}-\infty<\ell<\infty$ , $-\infty<t<\infty$ $\{\langle T(t)_{X}, x\rangle’\}x\in E,$ $x;\in p$’
$C\{b_{q}\}$ ( F’ F ).
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, $\{T(t)\}-\infty<t<\infty$ E F , 2
:
(i) $T(\mathrm{O})=I$ ( $Ix=x(x\in E)$ ),
$T(t+S)X=^{\tau()\tau}t(S)_{X}$ $(-\infty<t,$ $s<\infty,$ $x \in\bigcap_{t<0}D(T(t)))$ .
(ii) $\sigma(F, F’)-\lim_{sarrow t}T(S)X=\tau(t)_{X}$ $(x\in E)$
$\overline{\overline{\overline{=}}}\mathrm{E}\mathrm{H}fl$ .
$(l1^{\backslash }\backslash \ovalbox{\tt\small REJECT}^{r}\square \not\subset)\#^{=}\ovalbox{\tt\small REJECT}^{=}2\mathrm{B}\mathrm{a}\text{ },$
$E\lrcorner_{\mathrm{i}}$ $(C_{0})\text{ ^{}\backslash }\{T(t)\}t>)\sigma\neq\backslash \mathrm{k}^{\nearrow}\text{ }\#\text{ }\{\tau(t)^{*}\}_{t>0}\iota_{}\text{ _{}\backslash }\mathrm{L},$-c
$\{T(t)^{*}\}t<0$ . $\{T(t)^{*}\}_{-\infty t}/<\infty$ ,
$F$ .
$\{T(t)^{*}\}_{-\infty<}t<\infty\text{ }\cap D(T(t)^{*})$ ,
$t<0$




E ,E’ $B’\equiv\{x’\in E’|||X’||\leq 1\}$ \mbox{\boldmath $\sigma$}(E’, $E$)
([3] 6.7). ,B’ \mbox{\boldmath $\sigma$}(E’, E)-
, $B’\cap \mathrm{n}D(\tau(t)*t<0)$ $\sigma(E’, E)$- . , $B’ \cap\bigcap_{t<0}D(\tau’(t)^{*})$ \mbox{\boldmath $\sigma$}(E’, E)
$B_{0}’=\{x_{m}’|m=1,2, \cdots\}$ . $x\in E(||x||\leq 1),$ $x_{m}’\in B_{0}’$
, $\langle_{X\tau},(t)^{*}X_{m}\rangle$’ $t$ -oo $<t<\infty$ . $t\geq 0$ ,
$||T(t)^{*}||=||T(t)||\leq Me^{\omega t}$ ,
$|\langle x,T(t)^{*}X_{m}’\rangle|\leq||x||||T(t)^{*}||||x_{m}’||\leq Me^{\omega l}$ .
$t\leq 0$ , $||T(t)^{*}X’m||$ $t$ , .
$-n\leq t\leq n+\underline{\max}1||T(t)*|x_{m}’|=Mm,n$ $(m=1,2, \cdots , n=1,2, \cdots)$
,
$M_{1}= \max\{M, M_{1},1\}$ ,
$M_{2}= \max\{M_{1,2}, M2,2, M_{1}\},$ $\cdots$




$M_{1}e^{\omega t}$ $(t\geq 0)$ .
$(M_{n}-M_{n+}1)t+nM_{n}-(n-1)M_{n+1}$ $(t\in[-n, -n+1))(n=1,2, \cdots)$ .
, $H(t)$ .






$\exists_{\alpha_{m}}.>0$ ; $|\langle x, T(t)*\prime X_{m}\rangle|\leq\alpha_{m}H(t)$ $(||x||\leq 1, -\infty<t<\infty)$ .
,
$x_{m,k}’= \int_{-\infty}^{\infty}f_{k}(s)\tau(-.S)*x_{m}d\prime s$
. $T(t)^{*}(-\infty<t<\infty)$ \mbox{\boldmath $\sigma$}(E’, $E$)
$T(t)*x_{m,k}’= \int_{-\infty}^{\infty}f_{k}(s)T(t-S)*xd\prime mS$ .
$x\in E$ ,
$\langle_{X,\tau}(t)*x_{mk,)}\rangle’=1[_{-\infty}^{\infty}f_{k}(s)\langle_{X\tau},(t-s)*x’\rangle md_{S}$ $(-\infty<t<\infty)$
, B(ii) $C\{b_{q}\}$ . , $x_{m,k}’(m=1,2,$ $\cdots,$ $k=$
$1,2,$ $\cdots)$ $F^{*}$ , $\{\langle x, T(t)*x’\rangle\}_{x\in}E,$ $x’\in F*$ $C\{b_{q}\}$
. $F^{*}$ E’ \mbox{\boldmath $\sigma$}(E’, E) .
,
$F=\{F^{*}$ }
,F, $F^{*}$ $F$ \mbox{\boldmath $\sigma$}(F, $F^{*}$ ) . ,F
F’ $F^{*}$ – . F $F$ . $x\in E\text{ }$ $E’$
\mbox{\boldmath $\sigma$}(E’, $E$)- , $F^{*}$ E’ \mbox{\boldmath $\sigma$}(E’, E) , $x$ $x$ $F^{*}$ $x|_{F^{*}}$
. $x|_{F^{*}}$ \in F , $x\in F$ . , $E\subset F$ . $F^{*}$ \subset E’ $F$
E . ,E F .
$T(t)^{*}$ : $F^{*}arrow E’(-\infty<t<\infty)$ , x\in E $\langle x, T(\tau)^{*}X’\rangle(x’\in F^{*})$ $F$
,
$\langle T(t)^{*}*\rangle X,$$X’=\langle x, \tau(t)^{*}x\rangle’(x’\in F^{*})$
$T(t)^{**}x\in F\text{ }$ .
, $T(t)^{**}$ : $Earrow F$ \mbox{\boldmath $\sigma$}(E, $E’$ ) $\sigma(F, F^{*})$ .
$\{T(t)^{**}\}_{-}\infty<t<\infty$ $\{T(T)\}-\infty<t<\infty$ . $t\geq 0$ , $x\in E,$ $x’\in F^{*}$
$\langle T(T)**X, x’\rangle=\langle x, \tau(\tau)*X^{;}\rangle=\langle T(t)_{X},x’\rangle$ .
,
$T(t)x=T(t)^{**}x$ $(x\in E)$ .
$T$ :E\rightarrow E 1 1 $R(T)$ E , $(T^{-1})^{*}=(T^{*})^{-1}$
,t $<0$ $T(T)$ $T(t)^{*}$
, $t<0$ , $x \in\bigcap_{t<\mathit{0}}D(T(t)),$ $x’\in F^{*}$
$\langle T(t)^{**\prime}x, x\rangle=\langle x, \tau(\tau)*;X\rangle=\langle T(T)_{X},x’\rangle$ .
,
$T(T)x=T(t)^{**}x$ $(x \in\bigcap_{t<0}D(\tau(t)))$ .
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, $\cap D(T(t))$ E , x\in E
$t<0$
$\exists\{x_{n}\}\subset t<0\cap D(T(t))$ ; $\lim_{narrow\infty}x_{n}=x$ .
,
$\sigma(E, E’)-\lim_{narrow\infty}x_{n}=x$ .
$T(t)^{**}$ \mbox{\boldmath $\sigma$}(E, $E’$) $\sigma(F, F^{*})$ ,
$T(t)**(X=\sigma F,F*)-\mathrm{l}\mathrm{i}\mathrm{m}narrow\infty T(t)^{*}*x_{n}$
$= \sigma(F,F^{*})-\lim_{arrow\infty}T(nt)Xn$ .
$t<0$ $T(t)^{**}$ $x\in$ E , $T(t)_{X}=$
$T(t)^{**}X$ . $\{T(t)\}-\infty<t<\infty$ , E $F\sim \text{ }\sigma(E, E’)$ $\sigma(F, F^{*})$
, $\{\langle T(t)_{X}, X\rangle’\}x\in E,$ $x’\in F^{*}$ $C\{b_{q}\}$ $\{T(t)\}-\infty<t<\infty$
$(\mathrm{i}),(\mathrm{i}\mathrm{i})$ .
( ) $x,$ $y\in E$ , (II) , $x’$ \in F’
$\langle T(t)x,x’\rangle,$ $\langle T(t)y,X’\rangle\in C\{b_{q}\}$ .
$t_{0}>0$ $T(t_{0})x=\tau(t\mathrm{o})y$ , $t\geq t_{0}$ $T(t)X=T(t)y$ . ,
t\geq t $\langle$ $T(t)_{X,x\rangle=}’\langle T(t)y, X’\rangle$ $\text{ },c\{b_{q}\}$ –
$\langle T(t)X,x\rangle J\langle=\tau(T)y, X^{;}\rangle$ $(-\infty<t<\infty)$





Vector-valuded quasi-analytic funcbons and thnir apphcations to partial differential equations,








Semigroups of Linear Operators and Apphcations to Parhal Differential Equations,
Springer-verlag.
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